U se of antipsychotic medications in office-based clinical practice has increased significantly in adult populations since the 1990s, and numerous studies have reported evidence of increasing use of these medications among children and adolescents (1) (2) (3) (4) (5) (6) (7) (8) (9) . The increase has been most dramatic for newer, second-generation antipsychotics compared with first-generation agents.
For adults, the U.S. Food and Drug Administration (FDA) has approved use of second-generation antipsychotics for treatment of schizophrenia, bipolar and mood disorders, and selected other conditions (10) (11) (12) (13) . The upward trend in use of second-generation antipsychotics among children and adolescents has alarmed some authorities, partly because the FDA has approved limited use of only two of these agents in pediatric populations. In October 2006 risperidone was first approved for limited pediatric use-for irritability in autistic disorder in populations aged five to 16 years. Approval was given the following year for its use in the treatment of adolescents with schizophrenia and bipolar disorders. In 2007 aripiprazole was approved for treatment of schizophrenia among adolescents, and approval was expanded to include use for children with bipolar I disorder on the basis of a four-week trial involving patients aged ten to 17 (14) . As of December 2009, several other sec-ond-generation antipsychotic medications were approved by the FDA for short-term use in certain pediatric groups and for serious mental health conditions.
Although most use of second-generation antipsychotics in pediatric populations has not been reviewed by the FDA, there is body of clinical trial evidence about use of these medications by children. These published trials have shortcomings in terms of sample size and study duration, which underlines the necessity for further study in this area. Nevertheless, clinicians may view favorable results of such clinical trials as evidence supporting use of second-generation antipsychotics by their pediatric patients. Use of a medication to treat a patient with a diagnosis for which some clinical trial evidence exists may be considered "evidence based." Conversely, use of a medication to treat a condition or a type of patient when there has been no effort to systematically study safety and effectiveness can be considered "not evidence based."
The purpose of this study was to describe use of second-generation antipsychotics in a pediatric population. Specifically, the study had three objectives. First, the study identified new users under age 18 who received second-generation antipsychotics in a state Medicaid population from 2001 through 2005. Second, for each child treated, the study classified use of the agent as either evidence based or not depending on the child's diagnoses. This approach followed a concept used in a study of anticonvulsants in the Georgia Medicaid population (15) . Third, the study identified factors associated with the likelihood of receipt of drug treatment categorized as evidence based.
Methods

Medicaid data
This project was reviewed and approved by the University of Arkansas for Medical Sciences Institutional Review Board. The study involved a retrospective analysis of data from a state Medicaid administrative claims database. The database allowed examination of all medical claims and diagnoses and of all outpatient medication claims. The study population consisted of children who were new users of second-generation antipsychotics. A new user was operationally defined as receiving his or her first prescription for one of these agents -the index prescription-between January 1, 2001, and December 31, 2005, with no antipsychotic use during the 12 months before the date of service associated with the index prescription. The participant was required to be under age 18 on the index date and to have been continuously eligible for Medicaid one year before and one year after the index date.
Relevant information from pharmacy, inpatient, outpatient, and nursing home claims and from enrollment records was collected from January 2000 to December 2006. Information from before the study period was used to ensure that patients were excluded if they had been treated with an antipsychotic in the year before the index date. Because a time lag may occur between initial treatment and establishment of a definitive psychiatric diagnosis, medical claims data were obtained for the 12 months after the study to ensure the maximum likelihood of capturing all relevant diagnoses for children who started treatment late in the study period.
All prescription claims indicating that clozapine, olanzapine, risperidone, quetiapine, ziprasidone, or aripiprazole was dispensed for a child were extracted from the pharmacy claims database on the basis of specific generic codes for the medications. Outpatient and inpatient medical claims for 365 days before and after the index prescription date were obtained. All diagnosis codes from a participant's medical claims were documented. By use of a scheme similar to those found in other studies (16) (17) (18) (19) (20) , participants were classified on the basis of their diagnoses into different disease groups for which antipsychotics may be used. We used a list of ICD-9-CM codes for identifying different disease groups in the sample. The codes were first identified from the literature and then validated by using the sixth edition of ICD-9-CM.
Levels of evidence for antipsychotic use
During the study period, none of the second-generation antipsychotics had been reviewed and approved by the FDA to treat children with any condition, and thus all use was considered off label. Off-label use-that is, use for conditions other than the approved indications-is not prohibited. It may be supported by a robust data set of clinical trial information or may have no support in peer-reviewed literature or clinical practice experience. Therefore, characterizing a particular use of a medication as off label is not especially informative. Although the appropriateness of various off-label uses may be debated, there is a line of thinking that justifies such use when it is based on rational scientific theory or evidence from controlled clinical trials (21) . Thus it has been suggested that compared with off-label use for which no scientific data are available, off-label use for which evidence exists is justifiable to some extent.
We used the approach of assigning hierarchical levels of evidence on the basis of research design. This approach is based on guidelines developed by the Agency for Healthcare Research and Quality (AHRQ) and by two of the AHRQ Evidence-based Practice Centers (1, 22) . Use of a specific second-generation antipsychotic for a particular condition was classified as "strong evidence-based use" if it was supported for that condition by at least one published randomized clinical trial with a sample size of more than 30 individuals in a population under 18 years of age. Use was classified as "plausible evidencebased use" if it was supported for the specific condition by at least one published nonrandomized trial with a comparison group and a sample size of more than 30 individuals in a population under 18 years of age. Finally, use was classified as "weak evidencebased use" if use for the condition was based on published reports of studies involving individuals less than 18 years of age, including open-label studies, retrospective studies with a sample size of less than 30, or nonrandomized trials with a sample size of more than 30 but without a com-parison group. Any other specific use of a medication that did not fall into one of these categories was classified as "non-evidence-based use."
A MEDLINE literature search identified clinical trials of second-generation antipsychotics in pediatric populations. All trials published before December 31, 2005, were considered. However, the date of publication was not considered in assigning the medication uses to the evidence categories, which allowed assignment in the most liberal fashion as well as consistent assignment of specific medication uses for the entire period of analysis. This approach acknowledges that certain findings may be disseminated among clinicians before studies are published. Studies were not considered if any of the participants were aged 18 years or older, if the study had three or fewer total participants, and if the results were not favorable for the antipsychotic.
The MEDLINE search identified 86 unique clinical studies. Most were open-label studies involving risperidone. All identified studies were reviewed to compile a comprehensive list of medications and uses (ICD-9-CM diagnosis codes) along with the level of evidence to support each use (strong, plausible, or weak evidence).
Because patient charts were not examined, it was difficult to establish a direct link between a specific diagnosis and the decision to initiate treatment with a second-generation antipsychotic. Thus we elected an approach that increased the likelihood of including a diagnosis for which use of a second-generation antipsychotic would be classified as evidence based. As noted, all diagnosis codes assigned to a study participant in the year before and after the study period were available. If a recipient was assigned at least one diagnosis that was associated with some level of evidence support, the medication use for that recipient was considered evidence based. Use of a medication was assigned to the no-evidence category when there was no published support for use of the medication with any of the diagnoses assigned to a patient during the observation period.
A sensitivity analysis was conducted that included diagnoses given to the children only in the six months before and after their prescription index date. A second sensitivity analysis included 24 additional studies identified in the MEDLINE search that were published after the cutoff date of December 31, 2005; these included nine for risperidone and six for quetiapine.
Data analysis
To determine the trend of new users of second-generation antipsychotics in the state Medicaid population under age 18 from 2001 through 2005, we calculated the number of new users in each year. Trend graphs and ordinary least-squares regression were used to determine whether the trend was significant. For each second-generation antipsychotic, the number and percentage of new users in each disease category were determined over the five-year study period.
We used a logistic regression model to determine which groups were more or less likely to have an evidence-based use of a second-generation antipsychotic. This model used age as a continuous independent variable; categorical independent variables were gender, race, geographic location, metropolitan county status, receipt of psychotherapy, psychiatric hospitalization, and long-term care. For the model, evidence-based use was defined as meeting the standard for strong evidence-based use, and plausible and weak evidence-based use were considered to be non-evidence-based use. The significance level was set at .05. Log of odds (logit) as a linear function of the independent variables was employed, and the maximum likelihood estimation procedure was used to obtain the parameter estimates. SAS, version 9.1, was used for all data manipulations and statistical analyses.
Results
Of the 52,521 Medicaid-covered children with at least one prescription claim for a second-generation antipsychotic from 2001 to 2005, a total of 11,700 met the inclusion criteria. Table 1 presents data on demographic characteristics of the sample. Compared with the Arkansas Medicaid pediatric population, the sample was much older and had a larger proportion of females. Table 2 shows the number of children who initiated therapy over five years with each of the second-generation antipsychotics. The denominator used to calculate the percentages was the number of children continuously enrolled in Medicaid each year, which was fairly constant across the five years. None of the children received initial treatment with clozapine. For most children, therapy was initiated with risperidone (51.2%). The agent least used for initial treatment was ziprasidone (2.5%). Of interest, .5% of the sample received more than one second-generation antipsychotic prescription on their index date. Results of the regression analysis indicated that, on average, 431 children each year initiated treatment with a second-generation antipsychotic (p<.001).
The disease categories to which diagnoses obtained from the children's medical claims were assigned are shown in Table 3 , along with the ICD-9-CM codes that define the categories. It should be noted that a child with two or more diagnoses could be counted in more than one category. The most common condition identified was attention-deficit hyperactivity disorder, followed by depression, conduct disorder, oppositional defiant disorder, and adjustment reactions.
At orders. Weak evidence supported use of risperidone for three disease categories-epilepsy, obsessive-compulsive disorder, and tic disorder. For olanzapine, strong evidence was found for use in treating psychoses and plausible evidence was found for mania and bipolar disorders. For quetiapine, strong evidence was found for use in treating mania and bipolar disorders. No strong or plausible evidence was found for use of aripiprazole and ziprasidone to treat any condition. Table 4 shows the proportion of use of the five medications in each of the evidence categories. Among users of risperidone, 64.1% of use was in the category of strong evidence-based use-the largest percentage for any of the five medications. Among users of aripiprazole, 77.1% of use was not supported by any published evidence.
Almost half of the children in the sample (41.3%) appeared to have received a second-generation antipsychotic without having a diagnosis associated with any supporting evidence (Table 4) . On the basis of this finding, we further investigated the diagnoses of these 4,834 participants. Over half of them (N=2,790, 58%) had a diagnosis of hyperkinetic syndrome of childhood with hyperactivity. Other frequently observed diagnoses among these 4,834 children were oppositional defiant disorder (N=1,617, 34%), depressive disorder (N=1,354, 28%), hyperkinetic syndrome of childhood without mention of hyperactivity (N=955, 20%), and unspecified disturbance of conduct (N=692, 14%). We conducted a sensitivity analysis that included diagnoses given to children in only the six months before and after their index prescription date. In this analysis the percentage of children given prescriptions that were not based on any evidence increased from 41.3% to 55.1%. Another sensitivity analysis included evidence from clinical studies that were published after the cutoff date of December 31, 2005. In this analysis the overall percentage of uses supported by weak evidence increased from 17.5% to 33.5%; the proportion of strong evidence-based use was not affected.
Discussion
These results add to the evidence that treatment of children with secondgeneration antipsychotic medications increased dramatically in the early years of this new century. Although prevalence is not a focus of this report, the number of children who received an initial prescription for a second-generation antipsychotic doubled between 2001 grew more slowly than the number of patients initiating such treatment, we conclude that use of these medications in this population is increasing. Further studies are needed to determine whether this trend is evident in other pediatric populations, especially among children not enrolled in Medicaid. It was not surprising that for every year examined most new users of second-generation antipsychotics were given an initial prescription for risperidone. Risperidone had been commercially available for several years before the study period. In addition, of the five second-generation medications examined, at the time of the study risperidone was supported by the largest base of evidence for use among children and adolescents. Risperidone accounted for the highest number of new users each year, and the proportion of new users who were prescribed risperidone as an initial treatment was consistent throughout the study period.
The growth in aripiprazole use is of particular interest. We identified five studies of its use in pediatric populations, and all of them offered only weak evidence; thus it is not surprising that our results revealed that 77% of its use was not evidence based. Nevertheless, the number of new pediatric users of aripiprazole, which was introduced in 2002, increased dramatically over the study period It is apparent that the increased acceptance of second-generation antipsychotics in the treatment of children during the study period was independent of a comparably robust expansion of the medical literature supporting their use. There continue to be only a limited number of specific conditions among children for which use of second-generation antipsychotics is supported by any evidence. The conditions for which there is current FDA approval for pediatric use-for aggressive or selfinjurious behavior among autistic children, for schizophrenia, and for bipolar I disorder-are rare for children. In our sample of children treated with second-generation antipsychotics between 2001 and 2005, these conditions were apparently present in only a small minority. Nevertheless, clinicians seem to be finding an increasing role for these agents in clinical settings.
Little information has been published about the clinical indications for which clinicians prescribe second-generation antipsychotics for children. This study identified diagnoses given to children who received these agents. In addition, we attempted to determine the proportion of use of these medications that could be described as evidence based. Our literature review of articles published through March 2007 identified 110 clinical studies of second-generation antipsychotic use in pediatric populations. Only 19 of the 110 studies were randomized placebo-controlled clinical trials, of which 12 studied risperidone. On the basis of our criteria, only ten clinical studies provided strong evidence for use of a second-generation antipsychotic in a pediatric population and four provided plausible evidence. This finding emphatically underlines the scarcity of well-designed, high-quality clinical studies to inform clinicians about the safety and effectiveness of these medications for conditions affecting children.
On the one hand, despite the relatively thin base of evidence, we found that 38% of the children in the sample had a diagnosis for which use of a second-generation antipsychotic was supported by strong evidence. Most was attributable to use of risperidone to treat children with diagnoses of conduct disorder and oppositional defiant disorder. However, use of other agents to treat children in this sample lacked substantial evidence.
On the other hand, 62% of children who started treatment with a secondgeneration antipsychotic during the study period did not have a diagnosis for which such treatment was supported by strong evidence. Examination of the diagnoses given to children in this sample reveals important information about the clinical applications of these medications. Clearly, behavioral problems, including oppositional and conduct disorders and hyperkinetic-hyperactivity symptoms, were frequently seen among the children treated with second-generation antipsychotics. If the primary off-label uses for these medications are for children with behavioral problems, there is an obvious and urgent need to compare the safety and effectiveness of these agents and of other treatment approaches that are effective in modifying children's behaviors.
Other conditions that appear to be frequently diagnosed among children receiving second-generation antipsychotics include depression and adjustment disorder. It is not clear in our sample whether these conditions were primary diagnoses or comorbid conditions. In addition, because of the design of this analysis, these diagnoses may have been given after initiation of treatment with second-generation antipsychotics. Therefore, the possibility that treatment of maladaptive behaviors with second-generation antipsychotics may lead to high rates of depression cannot be discounted and should prompt urgent assessment.
As with all studies, a number of limitations bear consideration. A significant limitation is that the design could not establish a link between initiation of second-generation antipsychotic treatment and a specific triggering diagnosis. Administrative claims data can help to establish a temporal relationship between the start of a treatment and a new or changed diagnosis, but this relationship may or may not reflect the clinical reasons for a change in therapy. Obviously, this analysis was dependent on the diagnosis data that were recorded, and we did not have access to the working diagnoses that a clinician might have been considering with a trial of a medication. The validity of diagnoses is also a concern, particularly because-for younger children especially-certain psychiatric conditions may be difficult if not impossible to establish. Another concern is that we may have overestimated the number of evidence- based users because we grouped specific diagnoses into broad disease categories and classified evidencebased used on the basis of the broad categories.
Clearly, further research is needed to understand prescribing of secondgeneration antipsychotics in pediatric populations. The questions to answer are numerous, and the answers should be informed by an awareness, which is highlighted in this report, that much of the use of these medications is unrelated to the current FDA-approved indications. Further, pediatric use of second-generation antipsychotics may be only marginally related to the specific conditions that have previously been studied. Important considerations include specific sequelae of such treatment in terms of patients' mental and social well-being as well as their overall physical health. Certainly, the most useful studies would compare these powerful new agents with other medications that have established uses and with behavioral and psychosocial interventions.
Conclusions
The results of this study indicate that use of second-generation antipsychotics in the treatment of children and adolescents increased considerably from 2001 to 2005 in a state Medicaid population. Much of the growth was attributable to rapid adoption of aripiprazole as an initial treatment, despite a paucity of evidence from clinical trials supporting use among children at the time of the study. Fewer than half of the children initiating treatment were given a diagnosis-either before or after treatment initiation-for which strong clinical evidence supported use of the second-generation agent. Children who were treated with psychotherapy and those who had been admitted to psychiatric hospitals before the index date of their initial treatment with a second-generation medication were more likely to have a diagnosis for which medication use was supported by strong clinical evidence. Further research is needed to understand the prescribing of second-generation antipsychotics in the pediatric population.
